Cyanofenphos is an organophosphorus pesticide which produces delayed neurotoxicity in hens (Abou-Donia and Graham 1979; El-Sebae et al. 1980). The delayed neurotoxic effect of cyanofenphos in hens after repeated administration was also reported (Kinebuchi et al. 1981) . In these experiments, it was observed that the birds treated with the formulation exhibited typical symptoms of acute poisoning during the first 4 or 5 days, but then recovered although the administration continued. These results suggested that the pretreatment doses might act as an antagonist for a subsequent dose. Rider et al. (1952) reported that it is possible to induce a tolerance to a cholinesterase inhibitor, octamethyl pyrophosphoamide (OMPA), by treating rats daily with a sublethal dose for a Received for publication, March 28, 1983 . 155 prolonged period. Bombinski and DuBois (1958) demonstrated that rats can tolerate about one-half of acute LD50 of 0,0-diethyl S-2-(ethylthio) ethyl phosphorodithioate (di-syston) given daily for 60 days. More recent findings indicated that pretreatment of mice wice with a sublethal dose of leptophos decreased the acute toxicity of a challenge treatment with leptophos (El- Sebae et al. 1978 ). In addition, mice which were pretreated with aldrin were significantly protected against the acute toxicity of some of the organophosphorus pesticide (Triolo and Coon 1966) . The present investigation was carried out to determine whether the protective action against the large single dose, approximately LD50, would develop in hens that were pretreated daily with small dose of formulated cyanofenphos.
MATERIALS AND METHODS
Chemicals. Formulated cyanofenphos (Surecide® ), 25% emulsifiable concentrate form, was supplied by Sankyo Co., Tokyo. The formulation was dissolved in distilled water and administered by oral intubation. All dosage levels are described as the amount of active ingredient in the present report.
Animals. Adult female chickens (23-months old, 1.3.2.0 kg) were used. The birds were housed individually and supplied with food and water ad libitum. For the toxicity study, the insecticide solutions were given to hens in a volume of 10 ml. The pretreated birds were given daily doses of 10 to 40 mg/kg of cyanofenphos for 2 to 16 days before they received a challenge dose. The birds which received a challenge dose only served as control. Mortalities were recorded for 7 days after challenge dose, as death or apparent complete recovery occurred within the first 7 days after administration. The results were evaluated by f-test ; probability values of 5% or less were considered significant. The LD50 values were determined by the method of Litchfield and Wilcoxon (1949) . The significance of difference between the control group and birds receiving pretreatment was determined by Student's t-test.
Enzyme assay. The hens given the formulation were killed at various time intervals after administration. The brain homogenate was prepared by using 9 times the brain weight of distilled water so that 1 ml homogenate should be equivalent 100 mg tissue. Acetylcholinesterase activity in brain was measured according to the z pH method of Michel (1949) as modified by Pickering and Martin (1970) .
RESULTS

Effect of daily administration of cyanofenphos on clinical signs including body weight
To obtain information on clinical signs including body weight of hens, groups of 10 birds each were given daily oral doses of 10, 20 and 40 mg/kg of cyanofenphos for 8 days, respectively. The body weight of hens given 10 mg/kg was not significantly affected during the first 4 days, but on the 8th day it declined to 95% of the initial level which was weighed just prior to the dose on the first day. The weight of hens treated with 20 mg/kg decreased to about 92% of the initial level on the 4th day, and remained at this level during the next 4 days. The hens given 10 and 20 mg/kg showed lethargy, and daily consumption of feed and water fell slightly during the first 4 or 5 days. On the 6 to 8th day after the initial dose, however, they began to recover. The birds that were treated daily with 40 mg/ kg lost their weight gradually, the weight dropped to 85% of the initial level during the 8 day. Although none of them exhibited cholinergic effect of cyanofenphos such as fasciculation, diarrhea, salivation or lachrymation within 8 days, one bird showed lethargy on the 6th day after the initial administration.
Effect of pretreatment on the acute toxicity Hens were given daily 10 mg/kg of cyanofenphos (approximately 1.4% the LD50) for 2 to 16 days before they received a challenge dose of 1000 mg/kg (approximately 140% the LD50). A single dose of 1,000 mg/kg without the pretreatment caused 77% mortality in 7 days. The mortality of birds pretreated for 8 days was 20% in 7 days after the subsequent administration.
The statistically significant protection against the challenge dose of cyanofenphos occurred when the birds were pretreated for 8 to 16 days, but the treatment for 2 to 4 days were ineffective (Table 1 ). This means that the protective action against a single dose of 1,000 mg/kg could be induced effectively by a daily dose of 10 mg/kg given for 8 days or more, but not with a shorter period of pretreatment. Table 2 gives the results of a toxicity test in which a challenge dose (1,000 mg/kg) of cyanofenphos was administered orally at venous time intervals after a daily dose of 10 mg/kg for 8 days. The results show that statistically significant protection against the large subsequent dose occurred at 24 hr after the last pretreatment, but diminished at 4 of 10 days. In addition, the hens given a single dose of 1,000 mg/kg at 6 hr after the pretreatment showed significantly decreased 40 mg/kg/day group. Each point and arrow show the mean weight and s.n. of 10 birds. In each group, the values on the 4th and 8th days were compared with that on the first day just before starting the administration. * p<0.02, p<0.001.
mortality by 72 hr after subsequent dose in comparison with the control , and then the significant difference between them disappeared on the 7th day after the challenge dose. Thus the protective effect against 140% the LD50 appeared to reach its maximum at approximately 24 hr after the last pretreatment. On the basis of foregoing results, various challenge dose was given 24 hr after the last pretreatment.
The LD50 (mg/kg) with 95% confidence limits were 700 (593 --826) for control and 1 ,170 (1,035-. 1,323) for those pretreated daily with 10 mg/ kg of cyanofenphos for 8 days, indicating that the pretreated hens are less sensitive to the toxic effect of cyanofenphos than the control. In the next experiment, the birds were pretreated daily with 20 mg/kg and 40 mg/kg of cyanofenphos for 8 days and challenged with 1,000 mg/kg of cyanofenphos 24 hr Effect of interval between the last pretreatment dose and challenge dose on the acute toxicity of cyanofenphos in hens after the last pretreatment dose. The mortality results showed that statistically significant protection against the large dose of cyanofenphos occurred after the pretreatment dose of 20 mg/kg for 8 days (Table 3) . Pretreatment of 40 mg/kg for 8 days resulted in significant protection in mortalities at 6 hr and 72 hr, but not at 7 days after the challenge dose. Moreover the living birds exhibited ataxia during 7 days after the challenge dose.
Change in brain ACNE activity Fig. 2 shows the level of brain ACNE activity in hens given 10 and 40 mg/kg daily. The hens were killed 24 hr after the last administration of cyanofenphos. In hens given 10 mg/kg daily, maximum inhibition of ACNE activity occurred after the 3rd administration, at which time the enzyme activity exhibited 0.87+ 0.21 ppH/hr (mean ± s.n.) (37.8% of initial level). ACNE activity began to recover in spite of continued daily administration and reached the mean value of 1.61 z pH/hr (69.4% of initial level) after the 6th and 9th administrations. Brain ACNE activity of hens treated with 40 mg/kg daily was 0.68+0.14 zpH/hr (29.3%) after the first administration.
Thereafter the enzyme activity decreased gradually and reached the level of 0.40+0.10 zpH/hr (17.2%) after the 9th administration.
At 3 hr after a challenge dose of 400 mg/kg of cyanofenphos, brain ACNE activity was 0.41 + 0.08 OpH/hr in hens pretreated with 10 mg/kg of cyanofenphos for 8 days and 0.21+0.04 OpH/hr in hens received no pretreatment (Table 4) . The difference between two groups with respect to the level of ACNE activity was statistically significant (p <0.01), i.e., pretreatment with a small dose produced protective effect against the anticholinesterase action of the challenge dose. At 6 to 48 hr after the challenge dose, the enzyme activity ranged from 0.35 to 0.58 ~pH/hr and there was no significant difference between the two groups for inhibition of ACNE activity. Table 5 shows that brain ACNE activity of hens which were pretreated with 10, 20 and 40 mg/kg of cyanofenphos for 8 days were 0.42 ±0.09, 0.39 ±0.09 and 0.37±0.11 QpH/hr, respectively, 3 hr after a challenge There was a significant difference between untreated group and 10 mg/kg-or 20 mg/kg-daily pretreated group (p <0.01 and <0.05) with respect to the level of ACNE activity. The data show that the pretreatment with small doses produces a protective effect agaisnt the inhibitory action of a challenge dose of cyanofenphos. These results were in full accordance with the results in Table 4 . Effect of cyanofenphos pretreatment on the brain ACNE activity of hens at various time intervals after a challenge dose of 400 mg/kg of the formulation DISCUSSION Inactivity developed in some birds given daily 10 mg/kg, 1.4% the LD50, of cyanofenphos during the first 4 or 5 days, after which time they showed normal behavior. The brain ACNE activity of hens which received the same treatment also decreased during the first few days and then began to return toward normal level in spite of continued daily administration of 10 mg/kg of the formulation. When 40 mg/kg was given, the enzyme activity did not recover during the period of the repeated treatment (Fig. 2) . Thus, it is clear that the birds develop an adaptation to repeated administrations of cyanofenphos within a few days, and that the amount of daily dose is strongly related to the induction of the adaptive mechanism. Bombinski and DuBois (1958) reported that rat can tolerate about one-half of the acute LD50 of the cholinergic organophosphate, di-syston, given daily for 60 days. The administration resulted in marked cholinergic effect and weight loss during the first 10 days. Following this initial effect a rapid adaptation occurred in the animals. It seemed that both the proportion of a daily amount of di-syston to its LD50 and the length of the administration period to induce the protective effect were much more than those of the present study. Abou-Donia and Graham (1978) also reported that continuous oral administration of EPN and/or atropine sulfate caused the hens to develop some adaptive mechanism to protect them from the acute poisoning of EPN. It would be worthy to study the effect of atropine sulfate on cyanofenphos toxicity.
The oral LD50 for cyanofenphos was 700 mg/kg in the control hens while 1,170 mg/kg in the hens which were given previously daily dose of 10 mg/kg of the formulation for 8 days. These results clearly indicate that the pretreatment with small dosages decreased the acute toxicity of cyanofenphos. In addition, the significant protection against a single dose of 1,000 mg/kg, 140% the LD5O, of the formulation also occurred in hens pretreated with 10 mg/kg for 8 days or more (Table 1 ). The observation suggests that the length of pretreatment period is also important in inducing the protective effect against the lethal action of cyanofenphos. As shown in Table 2 , the protective effect which was produced by the daily Effect of the amount of the pretreatment dose on the of hens given a challenge dose of cyanofenphos brain ACNE activity administration of small dosages disappeared at 4 days after the discontinuation of the treatment. The tolerance that had previously developed in rat given OMPA was also lost after a prolonged period of very low dosage followed by a sudden return to the previously tolerated dose (Rider et al. 1952 ). Furthermore, there were significant differences among control birds and the birds pretreated daily with 10 mg/kg or 20 mg/kg of cyanofenphos in respect to the mortality at 7 days after a challenge dose, but no difference between control and the birds pretreated daily with 40 mg/kg. These results suggest that the tolerance and protective action against the near lethal dose is produced efficiently by the repeated administration of these compounds and the most effective action for cyanofenphos occurred at 24 hr after the last pretreatment dose with daily dose of less than 40 mg/kg, and disappears at 4 days or later after the last pretreatment.
At 3 hr after a challenge dose of 200 or 400 mg/kg of cyanofenphos, the brain ACNE activity of 10 mg/kg-and 20 mg/kg-pretreated birds were significantly higher than that of the non-pretreated birds (Tables 4, 5 ). The protective action of pretreatment against the near lethal dose would thus be related to the basis of less inhibition of brain ACNE in pretreated birds than in control. However, the ACNE activity of both control and pretreated birds remained about 0.5 zpH/hr (20% of initial value) at 48 hr after a challenge dose. The slow reversal of enzyme inhibition might explain the "delayed death" which occurred in some birds between 4 and 7 days following a challenge dose of 1,000 mg/kg. The inhibition of ACNE to less than 0.3 ~pH/hr occasionally produced acute death in birds. Triolo and Coon (1966) reported that a single oral dose of 16 mg/kg of aldrin protected mice 4 days later against parathion and paraoxon and they suggested that the increase in liver A-esterase and plasma B-esterase would be expected to decrease the toxicity of parathion and paraoxon. Although the mechanism of the antagonistic effect of cyanofenphos is not clear, it might be possible that pretreatments stimulate detoxication by liver enzymes.
In the present study, the self antagonistic effect could not be confirmed as the material of technical grade was used. The protective effect might be produced by the joint effect of adjuvants, most of which are surface-active agents and organic solvents. However, it was proved recently that subsequent application of leptophos to the leptophos-pretreated mice gave an antagonistic effect (E1-Sebae et al. 1978). The structural similarity between cyanofenphos and leptophos as phenyl phosphonothioate might suggest that cyanofenphos in itself produces the antagonistic effect. Further studies on this point are necessary.
